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@ Murticuvette rotor for use in a centrifugal analyzer. 

(57) A multicuvette rotor for use in a centrifugal analyzer 
defines a circumferential array of elongated radially extend- 
ing cuvettes. The rotor includes a one-piece body member of 
material that is transparent at analytical wavelengths and 
has a planar upper surface and defines a circumferential 
array of elongated cuvette recesses, and a one-piece cover 
member of similarly transparent material that has a planar 
lower surface parallel to the planar upper surface of the body 
member. A continuous seal extends around each cuvette 
recess between the planar upper and lower surfaces to 
define the circumferential array of analytical cuvettes. Each 
elongated cuvette defines a first chamber for receiving a first 
constituent with a loading port in the cover member through 
which the first constituent is introduced into the first 
chamber region, a second chamber region for receiving a 
second constituent with a loading port in the cover member 
through which the second constituent is introduced into the 
second chamber region, divider structure between the first 
and second chamber regions provides a transfer passage 
between the first and second chamber regions through 
which the first constituent may be flowed into the second 
chamber region for forming a reaction product with the 
second constituent, and structure defining an analysis region 
adjacent the radially outer wall of the cuvette where- the 
resulting reaction product is subjected to analysis. Extending 



along the top of each sidewall of each cuvette between the 
loading ports of the first and second chamber regions is 
barrier structure that fills the junction between the cover and 
body members so that there is no capillary channel at that 
junction and premature mixing of the constituents due to 
wicking movement of a constituent stored in one of the 
chamber regions to the other chamber region along that 
junction is inhibited. 
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ANALYTICAL SYSTEM TITLE MODIFIED 

see front page 

This invention relates to analytical systems, 
and more particularly to multicuvette rotors "for use in 
centrifugal analyzer systems. 

Centrifugal chemical analysis systems employ a 

5 cuvette rotor assembly that defines a circumferential 
array of spaced elongated radially extending cuvettes, 
each of which has two chambers for initially storing 
reagent materials separately and then transferring 
reagent material from one chamber to another for mixing 

10 and reaction, ..and subsequent analysis, of .the reaction in 
the analysis region by the cooperating analyzer. 
Cuvette -rotor, assemblies .of-this-type-iarerdisclosed in 
Tiffany et al. U.S. Patent 4,226,531 and Stein et al. 
U.S. Patent 4,373,812. In use of such rotors, sample to 

15 be analyzed (frequently with supplemental reagent 

material) is introduced through a loading port into one 
chamber and a second reagent material is introduced 
through a second loading port into the second chamber. 
The rotors disclosed in the above mentioned patents have 

20 twenty cuvettes that are loaded successively with 

automated loading equipment, small quantities of sample 
plus optional quantities of diluent and second reagent 
(volumes : typically, .in the range of 2 .-..100 ^microliters) 
being pipetted through loading ports into first .., 

25 chambers, and reagents in quantities up to 200 

microliters being pipetted through loading ports into 
second chambers. The loaded cuvette rotor is then 
transferred to an analyzer for photometric, light 
scatter and/or fluorescence analysis. During the 

30 analysis sequence, the rotor usually is driven at a 

preliminary fast speed in the vicinity of 3000-5000 rpm 
in which the reactant in each inner chamber flows over 
divider structure and mixes with the reactant in the 
outer chamber, and then the rotor is driven at speeds in 
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the vicinity of 500-1000 rpm during a measurement 
interval. 

Numerous analytical tests are performed with 
such analyzers including, for example, glucose, 
creatinine, CPK, SCOT, triglyceride, and enzyme 
immunoassays. It has been found that there is an 
unacceptable tendency for reagent material to 
spontaneously move or "wick" along the upper surface of 
the cuvette resulting in premature mixing of reagents 
between the two chamber compartments, such mixing , 
occurring in the >case;of:«ome tests in less than one \ 
minute after loading,; while the loading sequence may. 
take five minutes or* more'."" For "'"example, a drop of 
sample or reagent material {of several microliters in 
size) may adhere to a cuvette sidewall and transfer from 
there along a capillary channel between the top of the 
cuvette sidewall and the cover into the chamber from 
which it is supposed to be excluded until the reaction" 
is initiated by a centrifuging action. This problem is 
particularly significant with reagent materials that 
have high wettability characteristics such as reagents 
used in enzyme immunoassays, for example. 

in accordance with one aspect of. the invention, 
there* is provided a mult i cuvette rotor for use in a 
centrifugal ai.alyzer that defines a circumferential 
array of elongated radially extending cuvettes. The 
rotor includes a one-piece body member of .material that 
is transparent at analytical wavelengths and that has a 
planar upper surface and that defines a circumferential 
array of elongated cuvette recesses, and a one-piece 
cover member of similarly transparent material that has 
a planar lower surface parallel to the planar upper 
surface of the body member. A continuous seal extends 
around each cuvette recess between the planar upper and 
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lower surfaces to define the circumferential array of 
analytical cuvettes. Each elongated cuvette defines a 
first chamber for receiving a first constituent with a 
loading port in the cover member through which the first 

5 constituent is introduced into the first chamber region, 
a second chamber region for receiving a second 
constituent with a loading port in the cover member 
through which the second constituent is introduced into 
the second chamber region, divider structure between the 

10 first and second -chamber regions provides a transfer , • 
passage between the. first and second chamber regions 
throughr-whi(A>*herfiTst--constituent may be flowed into 
the second chamber region for forming a reaction product 
with the second constituent, and structure defining an 

15 analysis region adjacent the radially outer wall of the 
cuvet Le where the resulting reaction product is 
subjected to analysis. Extending along the top of each 
sidewall of each cuvette between the loading ports of 
the first and second chamber regions is barrier 

20 structure that fills the junction between the cover and 
body members so that there is no capillary channel at 
that junction and premature mixing of the constituents 
due to^wickinglmovement of ^a constituent -stored in one 
of the chamber regions -to. the other chamber region along 

25 that junction is inhibited. 

In preferred embodiments, the barrier structure 
is integral with the continuous cuvette seal and is 
forced of melted and flattened energy director ridge 
material, the barrier ridge portion, before melting ad 

30 flattening, being spaced from the edge of the adjacent 

cuvette sice wall substantially the same distance as its 
height. The energy director ridges are located such 
that, after welding, the portion of the energy direction 
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which has "melted" fills the void between the top cover 
and the top of the cuvette sidewall end a . mooth, 
radiused junction is formed between the two components 
of the rotor assembly. While the energy director ridge 

5 seal and barrier structures may be formed on either the 
body member or the cover member, or partly on each, 
preferably the barrier and se^l structures are integral 
with the body j ember. By properly positioning the 
energy director ridges on the rotor body and by using 

10 two ridges along the top surface of .ea oh sidewall # 
defining web, the required amount of energy director 
.ridge.j:' ^r.iaJUAs .--reduced -and -less -uncertainty" in the 
finish* 3 (welded) rotor optical uath length between 
cuvettes and between rotors results. 

15 In a particular embodiment, the rotor assembly 

has a diameter of about ten centimeters and an overall 
height of about one centimeter, the cover member is a 
flat circular disc that has an optical window region, an 
outer circumferential array of loading ports , an inner 

20 circumferential array of loading ports, and a 

sub tantially n D" shaped central opening; and the body 
member has a flat upper surface, an optical window 
region formed .in: its* lower . surf ace that is aligned with 
the optical, window.. region of . .the cover -member and a 

25 circumferential array of thirty-nine individual cuvette 
recesses. Each cuvette recess of that rotor has a 
length of aboiit three cent i:ne ters , the chamber sidewall s 
oiverge at an angle of about nine degi from the 
center of the rotor, and the analytica.'. region (defined 

30 by tl e pair of opposed optical windows .adjacent the 
eiter periphery of the rotor disc) has parallel side 
walls. Th- t rotor « ibodiment includes triangular energy 
director ridge portions that have a base width of about 
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0.1 millimeter, a height of about 0.1 millimeter, and 
are set back about 0.1 millimeter from and extend 
parallel to the adjacent top edge of the cuvette side 
wall. The web thickness between each cuvette is 
small — less than 0.3 centimeter , and a pair of parallel 
energy director ridges are integrally formed on the 
planar upper surface of each such web. 

In centrifugal analyzer rotors in accordance 
with the invention, spontaneous mixing of sample and 
reagent due to. wi eking along ±he junction between cover." 
and cuvette side walls is significantly impeded without, 
increase ^in. ~ther : size -ofv.thevrotor--.-and' with-signif icant 
increase in the number of cuvettes in the rotor assembly. 

Other features and advantages of the invention 
will be seen as the following description of a 
particular embodiment progresses, in conjunction with 
the drawings, in which: 

Fig. 1 is a top plan view (with portions broken 
away) of a multi cuvette rotor assembly in accordance 
with the invention; 

Fig. 2 is a sectional view taken along the line 
2-2 of the rotor assembly shown in Fig. 1; 

%Fi^ of the 

body member of ±he rotor .assembly shown . in Fig.^1; 

Figs. 4 and 5 are still further enlarged views 
of portions of the body member indicated at 4-4 and 5-5 
in Fig. 3; 

. Fig. 6 is a sectional view taken along the line 

6- 6 of Fig. 4? 

Fig. 7 is a sectional view taken along the line 

7- 7 of Fig. 4 j 
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Pig. 8 is a sectional view taken along the line 

8-8 of Fig. 5 j 

Fig. 9 is an enlarged sectional view taken 

along the line 9-9 of Fig. 1? and 

Fig. 10 is a further enlarged view of the 
portion indicated at 10-10 in Fig. 9. 

Description of Particular Embodiment 

With reference to Figs. 1 and 2, rotor assembly 
10 has a diameter of about ten centimeters and an 
overall height of about 1 Jl/A centimeters, a -d is formed, 
of an injection-molded acrylic cover member 12 and an 
injectipn-^o.lded. : .acryliC'ibody-aRember- 14 that are 
ultrasonically welded together, the body and cover 
members having appropriate transparency, chemical 
resistance, and optical characteristics for photometric 
analysis. Rotor assembly 10 defines a circumferential 
array of thirty-nine individual analysis cuvettes 16 
(plus a refeience region of similar configuration) and 
has circumferential flange structure 20 at its periphery 
in which are formed alignment recesses 22, 24, and with 
a continuous circumferential surface 26 below flange 20 
in which is located a series of optical end windows, one 
for each cuvette .16^- ^Optical window channel recess 30 
(c')out 1/2 centimeter wide *with its inner edge at" about^ 
four centimeters radius) is formed in the upper surface 
of rotor assembly 10, and a corresponding continuous 
annular optical window channel recess 32 is formed in 
the lower surface of rotor 10, channels 30, 32 being 
aligned and defining cuvette analysis regions 34 
therebetween. 

Formed in cover j ember 12 (as indicated ii Fig. 
1) are a substantially -D-shaped central opening 38, a 
series of three arcuate spacer ribs 40, a 
circumferential array of first loading ports 42, a 
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second circumferential array of second loading ports 44 
with depending tubular extensions 46, and annular 
recessed optical window channel 30 outwardly of ports 44 
and adjacent rim 20. 

5 The thirty-nine analysis cuvettes 16 are of the 

same configuration, each cuvette 16 having a length of 
about three centimeters between cylindrical inner wall 
surface 50 and planar outer wall 52 surface that has an 
optical surface finish of better than three microinches 

10 and which defines the. inner surface of optical window 
28. Each .cuvette 16 has -an inner chamber portion 54 * 
(which .is. loaded .'through its-.port.42) and an outer 
chamber portion 56 (which is loaded through its port 44) 
that are separated by divider ramp structure 58. The 

15 surfaces 60 of each cuvette that define the side walls 
of chambers 54 and 56 are formed by solid webs 62 that 
are about one millimeter thick and diverge at an angle 
of nine degrees. As may be seen with reference to Pigs, 
1-4, the analysis region 34 of each cuvette is bounded 

20 by parallel side wall surfaces 64 (spaced about 0,5 
centimeter apart) adjacent outer wall 52, and short 
. transition wall surfaces 66 (inclined at an angle of 
about 30 degrees ):rx;onnect- diverging, side .wall • surfaces 
60 of chambers 56 (where they are spaced "about .5.5 

25 millimeters apart) and side wall surfaces 64 of analysis 
regions 34. 

The two aligned optical window channels 30, 32 
are each about 1/2 centimeter wide, with the inner edges 
68 of channels 30, 32 located slightly radially inwardly 
30 of transition surfaces 66 of uvette 16. The upper and 
lower surfaces 70, 72 in analysis region 34 have optical 
finishes of better than three microinches (as have 
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surfaces 30, 32 and 52) and are spaced about 3/4 
centimeter apart to provide an optical path 74 (Fig. 2) 
of about 3/4 centimeter length in each analysis region 
34. 

5 . Further details of body member 14 may be seen 

with reference to Figs. 2-7. Member 14 has planar upper 
surface 76 on which is formed an interconnected array of 
energy director ridges 80 so that there is continuous 
ridge structure that extends about the perimeter of eacl] 

10 individual cuvette .34,. as indicated in.Figs. 1-3, Each 
energy director ridge 80 extends parallel to and is set 
back about; 0.1 millimeter-- fTom" the- edge ?of the adjacent 
cuvette wall sections 50, 52, 60, 64, and 66 and is of 
triangular cross-sectional configuration. With 

15 reference to Figs. 6-8, each ridge 80 has a base width 
of about 0.1 millimeter and a peak 82 that has a height 
of about 0.1 nr llimeter; and the energy director ridges 
D include inner ring section 84, outer ring section 86, 
nd sidewall sections T-8. 
20 In sealing cover 12 to body 14, cover 12 is 

placed on the upper surface 76 of bo-y 14 and then 
ultrasonically welded to body 14 with a horn pressure of 
about 60 psiand application of twenty kilohertz energy 
for about one second. . That ultrasonic energy and'.. . 
25 pressure melts and flattens the energy director ridges 
80 as indicated at 90 in Figs. 9 and 10 with ridge 
rr.-:terial flowing to the sidewall of ie cuvette, and 
creating a peripheral seal of melted plastic material 
(as indicated at 90 in Fi^s. 9 and 10) about each 
30 cuvette 16. The flow of melted plastic material 90 
along surface 76 to side wall 60 (50, 52, 64, 66) 
smoothly fills the gap betv ?en cover surface 70 and body 
surface 76 adjacent cuvette side wall portions 50, 52, 
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60, 64, 66. Such a gap in prior rotors has been found, 
to induce rapid capillary "wicking" action that 
transfers any reagent that contacts it from one 
compartment 54 or 56 to the other compartment with 

5 resultant premature mixing, and the smooth joinings of 
surfaces 70 and 76 by the flowed, flattened melted 
energy director ridge structures 80 inhibit spontaneous 
premixing of reagent materials. 

In use of this rotor embodiment, a selected 

10 sample volume in the range of 2-20 microliters... • 
(optionally ^ith an additional volume of supplemental, 
reagent ma t.etli^l.. or : ^iluent) ^is ^dispensed into chamber 
54 and a selected reagent volume in the range of 150-200 
microliters is dispensed into chamber 56 depending on 

15 the particular test involved. As indicated above , 
potential wicking action is inhibited by the melted 
structures 90 of energy director ridges 80 such that 
spontaneous mixing of reagents due to such capillary 
wicking action between the two chambers of the cuvette 

20 is essentially prevented . 

After some or all of the thirty-nine cuvettes 
16 of rotor 10 have been loaded , the rotor is 
transferred ^o v .an >analyz - g; i 

necessary), centrifugal acceleration to provider transfer 

25 of the sample (and reagent) from chamber 54 to analysis 
chamber 34 and mixing* The rotor is then braked and 
then accelerated again to about 600 rpm for photometric 
analysis. The barrier structures 90 of melted ridges 80 
retard spontaneous 'wicking 1 and 1 creep 1 type flows of 

30 reagent in. either direction from one chamber to the 

other while not interfering with transfer of sample and 
reagent from chambers 54, 56 to region 34 under 
centrifugal force nor with the mixing and analysis steps. 
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While a particular embodiment of the invention 
has been shown and described, various luodif ications will 
be apparent to those skilled in the art, and therefore 
it is not intended that the invention be limited to the 
disclosed embodiment or to details thereof and 
departures may be made therefrom within the spirit and 
scope of the invention. 
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CLAIMS'- _ u _ 

1. A multicuvette rotor for use in a 
centrifugal analyzer, said rotor defining a - 
circumferential array of elongated radially extending 
cuvettes and comprising 

a one-piece body member of transparent material 
that has a planar upper surface and that defines a 
circumferential array of elongated cuvette recesses, and 

a one-piece cover member of transparent 
material that has a planar lower surface parallel to 
said planar upper surface of said body member with 3 
continuous seal extending around each said cuvette 
recess.between.-.sai<3^planar^pper ;and. lower- surf aces to 
define said circumferential array of analytical 
cuvettes, 

each said elongated cuvette including structure 
defining a first chamber region for receiving a first 
constituent and a loading port in said cover member 
through which said first constituent is introduced into 
said first chamber region, 

structure defining a second chamber region for 
receiving a second constituent, a second loading port in 
said cover member through which said second constituent 
is introduced into said-.second chamber region, ■ 

divider structure between said first; and second 
chamber regions, said divider structure having a crest 
portion spaced from said lower surface of said cover 
member so that a transfer passage between said first and 
second chamber regions is defined between said crest 
portion and said lower surface of said cover member 
through which said first constituent may be flowed into 
said second chamber region for forming a reaction 
product with said second constituent, 

barrier structure extending along the top of 
each sidewall of each cuvette between said loading ports 
of said first and second chamber regions that fills the 
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junction between said cover and body members so that 
there is no capillary channel at that junction and 
premature mixing of the constituents due to wicking 
movement of a constituent stored in one of said chamber 
regions to the other chamber region along that junction 
is inhibited , and 

structure defining an analysis region adjacent 
the radially outer wall of said cuvette where said 
reaction product is subjected to analysis. 

2. The rotor of claim 1 wherein said barrier' 
strxicture^is^ii^tegxal'.-withv.-said. continuous cuvette seal. 

3. The rotor of claim 1 wherein said barrier 
structure is formed of melted and flattened energy 
director ridge material. 

4. The rotor of claim 3 wherein said barrier 
ridge portion, before melting and flattening, is spaced 
from the edge of the adjacent cuvette side wall 
substantially, the same distance as the height of said 
barrier ridge portion. 

5. The rotor of.. claim 1 wherein, said barrier- 
structure extends continuously around each said cuvette 
recess between said planar upper and lower surfaces. 

6. The rotor of claim 1 wherein said barrier 
and seal structures are integral with said body member. 
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7. The rotor of claim 1 wherein said cover 
member is a flat circular disc that has . n "optical 
window region, an outer circumferential array of loading 
ports, an inner circumferential array of loading ports, 
and a substantially "D" shaped central opening; and said 
body member has a flat upper surface, an optical window 
region formed in its lower surface that is aligned with 
the optical window region of said cover member 'and a 
circumferential array of individual cuvette recesses 
corresponding to. said loading ports. 

8. - -^he-rotor of claim 7 wherein" said barrier 
structure is integral with said body member and is 
formed from an energy director ridge portion that has a 
• v >arp crest* 

9. The rotor of claim 1 wherein each said 
cuvette recess of said rotor has a length of about three 
centimeters, the sidcwalls of said hambers diverge, and 
the sidcwalls of said analytical u,ions are parallel. 

- - -10.,;- The rotor ,of <claim .9 wherein said cover 
member is a flat circular disc that has an .optical". . ■ 
window region, an outer circumferential array of loading 
ports, an inner circumferential array of loading ports, 
and a central opening; and said body member has a flat 
upper surface, an optical window region formed in its 
lower surface that is aligned with \ he optical window 
region of said cover m.-mber and a , IicumferctJal array 
of individual cuvette recesses conesponding to said 
loading ports. 
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© A multicuvette rotor (10) for use in a centrifugal 
analyzer includes a one piece transparent body member, 
and defines a clecumferential array of elongated cuvette 
recesses (16). Extending along the top of each sidewall (60) 
of each cuvette (16) between loading parts of first (54) and 
second (56) chamber regions is a barrier structure (90) that 
fills the junction between the cover (12) and body (14), so 
there is no capillary channel at that junction, barrier struc- 
ture (90) being internal corth a continuous cuvette seal and 
formed of melted and plattened, e.g. ultrasonically, energy 
director ridge material (80). 
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